In hybrid device-to-device (D2D) and cellular networks, the cross interference between different communication systems severely limits the system performance. Fortunately, non-orthogonal multiple access (NOMA)-based coordinated direct and relay transmission (CDRT) can fully exploit the inherent property of NOMA to minimize such interference, which provides a potential strategy for hybrid networks to enhance the spectral efficiency (SE) and extend the cell coverage. Based on this idea and the superior SE requirements in future wireless networks, a D2D communication assisted uplink CDRT using NOMA is proposed, in which a base station (BS) directly communicates with a cell-center user (CCU) while communicating with a cell-edge user (CEU) with the aid of a relay. Particularly, uplink transmission of CCU and D2D communication from CCU to CEU are jointly designed according to NOMA principle in the cooperative phase. To verify the system performance of the proposed scheme, closed-form expressions of the system ergodic sum rate (SR), outage performance and outage throughput are derived, respectively. Numerical results illustrate that the proposed scheme achieves superior system ergodic SR as well as outage throughput with slight outage performance loss of uplink transmission, compared with conventional NOMAbased uplink CDRT.
research. For instance, a three-step scheme, which aims to maximize the whole system throughput and satisfy the QoS for each user simultaneously, has been proposed to address the resource allocation problem in D2D underlying cellular networks [19] . Additionally, an extremely efficient distributed method which requires minimal coordination and cooperation has been designed for hybrid D2D and cellular networks to provide considerable throughput gain with low overhead [20] . In [21] , another joint design scheme, namely joint beamforming, time allocation and D2D users transmit power, has been put forward to maximize the system sum rate and improve the spectrum utilization under the premise of meeting the QoS of cellular users. To address the intraand-inter-cell interference management, a joint power and resource block allocation method has been studied to enhance the system throughput efficiently [22] . In [23] , a new feasibility aware partial interference alignment has been considered to improve the achievable sum rate and the degrees of freedom in the asymmetric interference HCDCN.
In addition to employing D2D communications to enhance the SE of the cellular networks, another promising enabler called NOMA has become a current research focus for further improving system SE in the future networks. To yield superior SE than orthogonal multiple access (OMA), NOMA has the capability of enabling served users to employ the same code/frequency/time resource simultaneously through exploiting user channel condition differences [24] . Recently, the integration of D2D and NOMA has been proposed to improve system SE. For example, a new NOMA based D2D communication scheme has been put forward to increase the sum rate and simultaneously serve more users [25] . A novel low-complexity iterative algorithm has been proposed to optimize the energy efficiency of D2D pairs without losing users' quality of service [26] . Moreover, geometric programming and matching-game have been used to design an efficient user clustering and power allocation framework for D2D enabled NOMA network to improve the sum rate and network connectivity [27] . To further improve the system SE, NOMA has been used in D2D aided CRS [28] and coordinated direct and relay transmission (CDRT) [29] [30] [31] .
A. RELATED WORKS 1) STUDIES ON NOMA-BASED HCDCNs
Since cellular communication systems using NOMA are well studied in the existing research, recent work on NOMAbased HCDCNs has focus on resource allocation and performance analysis. On the one hand, for resource allocation, a proposed D2D-aided and NOMA-based mobile edge computing system has been considered and a joint power, computing resource and channel assignment scheme has also been investigated to decrease the system energy consumption and delay [32] . For D2D-enabled dense HetNets, a joint power assignment and user scheduling which can improve the system SE has been studied [33] . Furthermore, four spectrum sharing modes have been proposed for achieving a large performance gain in NOMA-and-D2D integrated networks [34] . Apart from those research mentioned above, joint resource block and power assignment [35] , iterative algorithm based power allocation and user clustering [36] , dual based iterative algorithm for power control and channel assignment [37] and comprehensive resource allocation including subchannel assignment, power control and user pairing [38] have also been investigated to gain superior system performance. On the other hand, for performance analysis, the authors in [39] have proposed a fixed power control scheme and derived the theoretical expression for the probability that all users obtain higher rates in downlink HCDCNs with NOMA. In [40] , a general framework including cellular mode, D2D mode and hybrid mode has been considered to represented two different mode selections and the corresponding average throughput, dropping probability and average delay have been derived. Regarding D2D underlaying NOMA UAV-aided networks, the authors in [41] have studied the outage performance and power control for UAV connected D2D and cellular users simultaneously.
2) STUDIES ON NOMA-BASED HetNets
Inspired by the significant benefits of NOMA, it is natural to consider the promising application of NOMA in heterogeneous networks for gaining better system performance. An appropriate distributed power allocation design has been proposed in [42] to remarkably improve the system SE of NOMA-based HetNets, while the authors in [43] have put forward a distributed cluster formation and power-bandwidth assignment to solve the slave problems in the downlink Het-Nets using imperfect NOMA. Unlike [42] and [43] , a joint energy efficient subchannel and power optimization [44] has been investigated to attain superior system energy efficiency of NOMA-based HetNets. For more complex HetNets, the authors in [45] have addressed the resource allocation problems of a high-mobility scenario called NOMA-based heterogeneous vehicular networks, where the perfect channel estimation is unavailable. Besides, a spectrum resource allocation for a dense two-tier heterogeneous network employing NOMA technology has been proposed to reduce the computation complexity and enhance the overall throughput [46] . In [47] , a novel cooperative NOMA is investigated in terms of total achievable rate in wireless backhaul two-tier HetNets. To increase the total system sum rate and reduce the outage probability, power allocation based interference alignment and coordinated beamforming has been designed for NOMA in HetNets where multi-antenna technology is adopted in all base stations and users [48] .
B. MOTIVATION AND CONTRIBUTIONS
Recently, several 5G application scenarios have been study in the existing literatures [28] , [49] , [50] . As a very important 5G wide area coverage scenario, heterogeneous narrow band IoT faces many challenges, such as extending cell edges and overcoming the abominable wireless environments [28] . Fortunately, CDRT which can extend cellular coverage and increase diversity, provides a potential strategy for complex heterogeneous 5G networks to achieve high SE [29] . Compared with conventional strategies, CDRT inevitably introduces interference between the communication flows, which may offset the benefits and even reduce the system performance [51] . But CDRT can effectively improve the system SE through aggregating communication flows on the same resource block. Besides, the inherent features of NOMA can provide a shortcut for using edge information to eliminate interference in CDRT. The detailed explanations are as follows:
• According to the fundamental concept of NOMA, superposition coding enables users to possess side information without additional signal interaction and successive interference cancellation (SIC) can make user eliminate interference.
• Additionally, uplink NOMA can provide a new method to process the interfered receiving signal, even if the side information cannot be obtained in advance. In most cases, acquiring the side information induces large overhead and complexity. However, the receivers in NOMA can obtain other receivers' messages with low complexity, which are possibly used as the side information for coordinated transmission. Driven by the aforementioned potential benefits of D2D and NOMA, it is natural to investigate the promising application of NOMA technology in the D2D communications for further performance improvement, in term of both spectrum efficiency and massive connectivity [26] . Meanwhile, the authors in [29] also point out that NOMA based CDRT can be used in 5G network in which a macro cell contains a variety of small cells. Furthermore, many existing studies focus on the interference management and resource allocation optimization, and pay little attention to the theoretical analysis which is significant for the system performance of HCDCNs. Therefore, the authors in [28] have derived the system capacity for the proposed D2D assisted downlink CDRT employing NOMA in HCDCNs and verified the proposed scheme can improve the achievable rate. To the best of our knowledge, the existing research articles lack of work which focus on transmission scheme design and performance analysis for uplink CDRT using NOMA in HCDCNs. Although a NOMA based uplink CDRT scheme has been studied in [30] to improve the system performance, it is not applicable for HCDCNs. Being motivated by these observations, this paper proposes a novel D2D assisted uplink CDRT using NOMA for HCDCNs. In particular, uplink transmission of cell-center user (CCU) and D2D communication from CCU to cell-edge user (CEU) are jointly designed according to NOMA principle to attain superior SE and extend the cell coverage. Unlike the scheme in [30] , the proposed scheme can realize both two-user uplink transmission and bidirectional D2D communication between CCU and CEU. The main contributions of this paper are summarized as follows.
• We propose a D2D aided uplink CDRT using NOMA, which can make optimal use of the inherent features of NOMA to improve the system SE and coincidentally reduce the inter-user interference of HCDCNs. Although only a single cell scenario is considered in this paper, the proposed scheme can be straightforwardly extended to multi-cell scenario by employing OMA among different cells. This hybrid multiple access can not only degrade the system complexity, but also reduce the intertire interference among cells.
• The closed-form expressions of the outage probability, the ergodic SR and the outage throughout are obtained respectively to evaluate the system performance of the proposed scheme. For comparison, we study the system performance of the conventional NOMA-based uplink CDRT (CN-UCDRT) scheme [30] in terms of the outage probability and outage throughput.
• Through analytical analysis and numerical results, we compare the proposed scheme with the existing schemes in terms of outage probability, ergodic SR and outage throughput. Compared with the CN-UCDRT, the proposed scheme can provide superior ergodic SR and outage throughput than its CN-UCDRT counterpart with slight outage performance loss. Additionally, the diversity orders of the non-interference uplink transmission from CCU and the D2D communication between CCU and CEU are one if NOMA are employed successfully in the proposed scheme.
Notations: F Z (·) and f Z (·) represent the cumulative distribution function (CDF) and the probability density function (PDF) of r.v. Z , respectively. Ei(·) denotes the exponential integral function.
II. SYSTEM MODEL
Consider uplink D2D aided CDRT scheme using NOMA for HCDCN depicted in Fig.1 , where the CCU directly communicates with the BS and the CEU communicates with the BS via a DF relay while these two users can complete a bidirectional D2D communication process in accordance with the proposed scheme. Coincidentally, CCU can transmit uplink data and D2D data by using non-orthogonal superposition in the second phase to save time resources and improve system SE. Assume that the direct link between CCU and BS is absent because of significant deep fading, and each node with a single antenna operates perfect SIC and half-duplex mode. All links are assumed to exhibit independent quasi-static Rayleigh fading plus additive white Gaussian noise (AWGN) with mean power N 0 . Hereafter, let s, r, c and e represent BS, relay, CCU and CEU, respectively. The normalized distances between X ∈ {e, r, c} and Y ∈ {r, c, e, s}, d XY , are assumed to be d es > d rs > d cs and the channel coefficients from X to Y are denoted by h XY ∼ CN (0, Ω XY = d XY −α ), where α is the path loss exponent. Without loss of generality, the ordered user channel gains, λ XY , are not required to meet λ cs > λ rs > λ es . The link between CCU and CEU is assumed to be short, which is suited in the D2D communication scenario with short-range features. To improve the system SE, a D2D assisted uplink CDRT scheme using NOMA which consists of three consecutive phases is proposed in this paper, as detailed below.
A. FIRST PHASE
In the first phase (e.g., t 1 ), c and e broadcast signal √ α 1 P t x c1 and √ β 1 P t x e respectively according to the principle of uplink NOMA, where α 1 and β 1 denote the power allocation coefficients and P t is the total transmit power. Like [30] , the controlled transmission power is considered in this paper and α 1 + β 1 = 1 is also assumed. The received signals at r and s are expressed as
where n j i ∼ CN (0, N 0 ), i ∈ {e, r, c, s}, j ∈ {t 1 , t 2 , t 3 } and n j i denotes AWGN at i in the j th phase. Furthermore, the proposed transmission strategy in the first phase can be described as the following two cases (e.g., F1 and F2).
In light of the principle of uplink NOMA, we assume that α 1 > β 1 in this case.The received signal to interference plus noise ratios (SINRs) for r to detect x c1 and x e are expressed as
where ρ = P t N 0 denotes the transmit signal-to-noise ratio (SNR). Meanwhile, the received SINR at s to detect x c1 is expressed by γ
Without loss of generality, we assume that α 1 < β 1 in the case F2. The SINR at r to detect x e can be written as
Similarly, the SINR for s to detect x c1 can be given as
During the second phase (e.g., t 2 ), r broadcasts the decoded signal x e with the power β 2 P t if it can detect x e successfully in t 1 , otherwise r keeps silence. Meanwhile, c broadcasts the superimposed signal √ a 1 α 2 P t x d1 + √ a 2 α 2 P t x c2 , where α 2 , β 2 , a 1 and a 2 denote the power allocation coefficients, x d1 represents the D2D signal transmitted from c to e in t 2 and x c2 is the uplink signal transmitted from c to s. It is worthwhile to mention that, the advantage of this design is that when CCU broadcasts the uplink message x c2 and the D2D message x d1 simultaneously, the achieved ergodic sum rate can be further improved compared with the CN-UCDRT scheme. Following the principle of uplink NOMA, we assume that α 2 > β 2 with α 2 +β 2 =1 due to Ω cs > Ω rs . The observation at s and e are given as follows if r detects x e successfully in t 1 .
On the contrary, when r remains silent, (5) can be rewritten as
Similarly, two cases (e.g., S1 and S2) in t 2 are considered in the following. 1) λ cs > λ ce (S1):
Note that a 2 < a 1 with a 1 + a 2 = 1 is assumed in this case according to NOMA principle. In order to control the decoding order, we also assume a 2 α 2 > β 2 which means x e is always the last signal to be detected at s. If x e can be detected successfully at r in t 1 , the SINRs of the received signals x d1 , x c2 and x e at s can be expressed as follows.
Meanwhile, the CEU e can remove the interference message h re √ β 2 P t x e after estimating h re √ β 2 P t . Therefore, the corresponding SINR for e to detect x d1 is given by
However, when the relay r keeps silent, the SINRs of the received signals x d1 and x c2 at s can be rewritten as
2) λ cs < λ ce (S2):
In the case S2, we assume that a 2 > a 1 with a 1 + a 2 = 1. Similarly, the condition a 1 α 2 > β 2 should be met to control the decoding order in this case. The received SINRs of the signals x c2 , x d1 and x e at s are expressed as
After removing the interference message h re √ β 2 P t x e by estimating h re √ β 2 P t , the SINRs of the received signals x c2 and x d1 at e can be expressed as
On the contrary, when the relay r keeps silent, the received SINR for x c2 at s can be written as
C. THIRD PHASE
In order to complete a two-way D2D communication, the CEU transmits the D2D signal x d2 to the CCU with P t in the third phase (e.g., t 3 ) and the observation at the CCU can be given by
The corresponding SINR at the CCU can be expressed as
III. PERFORMANCE ANALYSIS A. ERGODIC SUM RATE
Consider the target data rateR m , m ∈ {x c1 , x c2 , x d1 , x d2 , x e }, varies dynamically with the user's channel state, ergodic SR is an important evaluation criterion of system performance. For simplify, the communication processes F1-S1-T, F1-S2-T, F2-S1-T and F2-S2-T are denoted as Case I, Case II, Case III and Case VI, respectively. The ergodic SR of the proposed scheme is given by
where I, II, III and VI represent Case I, Case II, Case III and Case VI respectively, and R n m is the achievable rate of signal m in the case n. The closed-form expressions of R n sum in these four cases are derived as follows.
r,x c1 and Z 2 γ
s,x c1 . The CDF of Z 1 can be expressed as
where
Note that x c1 must be decoded at r for SIC in Case I. Therefore, R I x c1 can be expressed as
Similarly, let Z 4 γ
s,x e and Z 6 min{Z 4 , Z 5 }. The CDF of Z 6 is expressed as F Z 6 (z 6 
Because the achievable data rate of DF relaying is determined by the weakest link [29] , R I x e can be expressed as
where (b) is obtained from eq.(3.352.4) in [52] .
It should be noted that x d1 must be decoded at the base station for SIC, so R I x d1 can be expressed as
e,x d1 . As direct integral calculation is not convergent, we can obtain the CDF of Z 9 expressed as follows by applying the approximation Z 7 ≈ λ cs a 1 α 2 λ cs a 2 α 2 +λ rs β 2 and Z 8 ≈ a 1 a 2 for high SNR.
where A 3 = a 2 a 1 . Hence, an approximate expression of (21) is obtained as
where A 4 = a 1 α 2 Ω cs and B 4 = β 2 Ω rs − a 2 α 2 Ω cs . Let Z 10 γ
s,x c2 , the CDF of Z 10 can be expressed as
where A 5 = a 2 α 2 Ω cs β 2 Ω rs . The ergodic SR of x c2 , R I x c2 , is given as Ei(−B 5 ) ), (25) where B 5 = In the third phase, CCU obtains a new D2D signal x d2 from CEU and R I x d2 can be expressed as
Using (15), (18) , (20) , (23), (25) and (26), we can obtain the analytic expression of R I sum .
2) CASE II Let Z 11 γ t 2 ,2 s,x d1 , Z 12 γ t 2 ,2 e,x d1 and Z 13 min{Z 11 , Z 12 }. The CDF of Z 13 can be expressed as
where the step (d) follows eq.(3.352.4) in [52] .
In order to get the closed-form expression of R II x c2 , we define Z 14 = γ t 2 ,2 s,x c2 ρ→∞ ≈ λ cs a 2 α 2 λ cs a 1 α 2 +λ rs β 2 , Z 15 = γ t 2 ,2 e,x c2 ρ→∞ ≈ a 2 a 1 and Z 16 = min{Z 14 , Z 15 }. The CDF of Z 16 can be expressed as
where A 7 = a 1 a 2 . Therefore, R II x c2 can be expressed as (18), (20) and (26) respectively. Hence, using (15) , (18) , (20) , (26) , (28) and (30), we can obtain the analytic expression of R II sum .
3) CASE III
In Case III, R III x d1 , R III x c2 and R III x d2 can be obtained from (23), (25) and (26) 
4) CASE VI
, R VI sum can be easily obtained by using (26), (28), (30), (31) and (32) .
B. OUTAGE PROBABILITY
Outage probability is considered whenR m is set beforehand according to the quality of service (QoS) requirements, i.e. R m is a constant. The outage event happens when the target data rate is more than the corresponding achievable data rate, i.e.R m > R n m . Accordingly, the outage probability of signal m in case n is denoted as P out,n m .
1) CASE I
With the aid of Z 2 , P out,I x c1 can be calculated as P out,I
It should be noted that the transmission processes of x c1 in these four cases are always same, hence P out,VI 
where 
can be easily obtained as
Similarly, the condition a 1 a 2 > ϕ x d1 should be met according to NOMA principle, otherwise P out,I x c2 will always be one. Using γ t 2 ,1 c,x d2 , we calculate the outage probability of x d2 which can be expressed as
ρΩce . 
where φ 6 = Ω cs Ω cs +β 2 ρψ 2 Ω rs . Based on Z 12 and Z 15 , P out,II x d1 can be expressed as
Let
s,x c2 , P out,II x c2 can be expressed as
where φ 7 = ϕ x c2 α 2 ρ(a 2 −a 1 ϕ x c2 ) and φ 8 = Ω cs Ω cs +β 2 ρφ 7 Ω rs . Note that P out,II
x c1 and P out,II x d2 has been calculated in Case I.
3) CASE III
Based on Z 5 , Z 7 , Z 10 and Z 19 , P out,III
x e can be expressed as
Note that the condition a 1 a 2 > ϕ x d1 should be met, otherwise P out,III x e will always be one. Hence, (43) can be calculated as 
Additionally, P out,VI x d1 is the same as P out,II x d1 , P out,VI
x c1
and P out,VI
have been calculated in Case I. Furthermore, the diversity order of signal m in case n can be denoted as d n m = − lim ρ→∞ (log P out,n m (ρ)/ log ρ). Based on the above derivations, we can obtain d n x c1 = d n x d1 = d n x d2 = 1 and d n x c2 = d n x e = 0.
C. OUTAGE THROUGHPUT
To characterize the SE of the proposed scheme, we also considered system outage throughput (SOT) in this section. The SOT can be calculated as follows.
With the help of the derived analytic expression of outage probabilities, we can easily calculate the system throughput using (48) .
D. CONVENTIONAL CDRT SCHEME (CN-UCDRT)
As mentioned in the Section I, the conventional CDRT scheme using uplink NOMA has been proven to gain superior ergodic sum capacity than the conventional OMA scheme under both perfect and imperfect SIC in [30] . In order to demonstrate the SE superiority of the proposed scheme over the conventional scheme under perfect SIC, the theoretical expressions of the ergodic sum capacity are directly used for performance comparison in this paper. Additionally, considering the performance of the proposed scheme with imperfect SIC based on this study is straightforward and will be the subject of future research.
Here, the CN-UCDRT scheme in [30] is consider as benchmark for fair ergodic SR comparison with the proposed scheme. Besides, we also analyze the system performance of the CN-UCDRT scheme in terms of outage probability and outage throughput for the first time, as detailed below.
1) OUTAGE PROBABILITY FOR CN-UCDRT
Since the data x c1 is transmitted independently in the first phase, the outage probabilities of x c1 in the CN-UCDRT scheme equaling to the corresponding outage probabilities of the proposed scheme are the same in all four cases. For the CN-UCDRT scheme, the outage probabilities of x c1Ṗ out,I x c1 can be expressed asṖ out,n
where n ∈ {I, II, III, VI} represents the case n.
According to the designed principle of the CN-UCDRT scheme, the outage probabilitiesṖ out,n x c2 andṖ out,n x e are not affected by the channel condition between CCU and CEU. In other words, the following equtions are always hold. 
Ergodic SR comparison between the proposed DDCRT (Pro.) and the CN-UCDRT (Con.) with respect to transmit SNR: a) for the Case I and the Case II; b) for the Case III and the Case VI. The outage probabilityṖ out,VI x e can be obtained by using (50) and (54).
2) OUTAGE THROUGHPUT FOR CN-UCDRT
Based on the derived outage probabilities of the CN-UCDRT scheme, the corresponding outage throughput can be expressed asṘ
where l ∈ {x c1 , x c2 , x e } and n ∈ {I, II, III, VI}.
IV. NUMERICAL RESULTS
In this section, the outage probability, ergodic SR and outage throughput of the proposed D2D aided CDRT (DCDRT) are verified by Monte Carlo simulations. Then, the ergodic SR, outage probability and outage throughput of the CN-UCDRT in [30] are also simulated and compared with the same simulation parameters. Without loss of generality, the normalized distance are adopted in this paper, which is consistent with [28] [29] [30] . Besides, a fixed transmit power scheme is adopted in this paper for fair comparisons with the conventional scheme. Here, four cases including channel coefficients and power simulation parameter settings are considered, Fig.2 compares the ergodic SRs of the proposed DCDRT scheme (Prop.) and the CN-UCDRT scheme (Con.) with respect to the transmit SNR ρ under the same simulation parameters. It can be observed that the simulation values of ergodic SRs are matched with analytic ones very well. In this figure, the ergodic SR of the proposed DCDRT (Prop.) is superior over that of the CN-UCDRT scheme (Con.) especially in moderate to high SNR regions. For instance, when ρ=30dB,the proposed DCDRT (Prop.) in Case II achieves 14.21% rate gain over CN-UCDRT, and 11.00% for ρ = 40dB ( Fig.2a) . Similarly, Fig.2b also shows that the proposed DCDRT (Prop.) can achieve 14.26% rate gain for ρ=30dB and 17.19% for ρ=40dB over the CN-UCDRT scheme (Con.). An intuitive explanation is that the proposed DCDRT (Prop.) efficiently introduces non-orthogonal D2D transmission at CCU and no-interference D2D transmission at CEU, resulting SE gain. In Fig. 3 , the outage probabilities for x c1 , x c2 and x e of the proposed DCDRT (Prop.) and the CN-UCDRT (Con.) as functions of the transmit SNR ρ are depicted, respectively. Fig.3 shows that the analytic lines agree well with the simulation values. It is interesting to observe that the outage probabilities for these three datas of the the CN-UCDRT (Con.) are lower than those of the proposed DCDRT (Prop.). The reason is that, under the same targeted rates and transmit time, the whole transmission process of the proposed scheme is divided into three phases while the CN-UCDRT scheme contains only two phases. Therefore, the requirement for decoding these three messages in the proposed scheme becomes more harsh than that in the CN-UCDRT scheme. Nevertheless, the proposed scheme can achieve a better compromise between system SE and outage performance.
It is interesting to observe that the outage performance differences of x c2 between the proposed DCDRT (Prop.) and the CN-UCDRT (Con.) in Case I (Fig.3a) and Case III (Fig.3c ) are larger than those in Case II (Fig.3b ) and Case VI (Fig.3d) . That is because the decoding order of x c2 can affect the corresponding outage probability of x c2 . More specifically, the data x c2 is always the second message to be decoded in both Case I and Case III while it is the first message with the largest power allocation coefficient to be decoded in Case II and Case VI. It is worth pointing that the transmission of x c1 is an interference-free link, and the corresponding outage probabilities depend on the corresponding channel quality and transmit power. Therefore, P out,I x c1 (Fig.3a) is lower than P out,III x c1 (Fig.3c) . Additionally, Fig. 3 also illustrates that the outage probability of x c2 and x e are both subject to error floors in high SNR reigon, which are consistent with the theoretical results. Intuitively, the error floors are caused by interference limitations. Also, P out,I x c2 (Fig.3a) is lower than P out,II x c2 (Fig.3b ), which results from that a larger part of transmit power is allocated to x c2 in Case I. Fig. 4 shows the outage probabilities for x d1 , x d2 of the proposed DCDRT (Prop.) with respect to ρ. The figure demonstrates that the analytic values of the outage probabilities match with the simulation results very well. In this figure, the outage probability P out,VI x d2 is lower than P out,III x d2 . The reason is that the transmission of x d2 is also an interference-free link.
It should be noted that the outage performance of x d1 is not only decided by the channel quality and power allocation coefficient but also firmly related to the decoding order. Fig.3 and Fig.4 also verify that when the NOMA principle is implemented in the proposed DCDRT (Prop.) successfully, the diversity orders of x c1 , x d1 and x d2 are one, but no diversity gain is obtained for x c2 and x e . Fig. 5 shows the outage throughputs of the proposed DCDRT (Prop.) and the CN-UCDRT (Con.) with respect to ρ. It indicates that the outage throughput of the proposed DCDRT (Prop.) outperforms that of the CN-UCDRT (Con.). Particularly, the proposed DCDRT (Prop.) in the medium and high SNR regions can achieve greater performance gains in compare with the CN-UCDRT (Con.). For instance, Fig.5 indicates that the proposed DCDRT (Prop.) can achieve 79.22% rate SOT gain for ρ=30dB and 78.60% for ρ=40dB over the CN-UCDRT scheme (Con.). The power domain superimposed transmission of the DCDRT introduces extra interference at BS in the second phase, which leads to the loss of the system reliability. Nevertheless, the SOT performance gain achieved by the additional D2D communication from CCU to CEU and the interference-free D2D transmission from CEU to CCU exceeds the aforementioned performance loss, leading to rising SOT.
V. CONCLUSION
In this paper, a D2D aided uplink CDRT using NOMA has been proposed to further improve the system SE of the CN-UCDRT. The closed-form expressions of ergodic SR, outage probability and outage throughput have been derived to characterize the system performance. It is revealed that the proposed DCDRT outperforms the CN-UCDRT in terms of the ergodic SR and outage throughput. For the uplink interference transmissions from CCU and CEU in the DCDRT, their outage performances are subject to error floors for high SNR reigon. Moreover, when the proposed DCDRT applies NOMA principle successfully, the diversity orders of the noninterference uplink transmission from CCU and the D2D communication between CCU and CEU are one while those of the interference uplink transmissions from CCU and CEU are both zero. It is also demonstrated that compared with the CN-UCDRT, the proposed DCDRT can realize uplink NOMA transmission and bidirectional D2D communication simultaneously and attain superior system throughput with some receiving reliability loss. The work in this paper is preliminary. Several valuable extensions of D2D aided uplink CDRT using NOMA scheme will be investigated in future works. First, to apply massive MIMO technique at the BS can always result in a further capacity gain. Second, when considering the impact of direct link between the BS and the CEU, the performance analysis of the proposed scheme is challenging and interesting.
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